Phosphorylation from adenosine triphosphate of sodium- and potassium-activated adenosine triphosphatase. Comparison of enzyme-ligand complexes as precursors to the phosphoenzyme.
The relative effectiveness of the ligands Mg2+, Na+, and ATP in preparing sodium plus potassium ion transport adenosine triphosphatase for phosphorylation was studied by means of a rapid mixing apparatus. Addition of 2 mM MgC12, 120 mM NaC1, and 5 muM [gamma-32P]ATP simultaneously to the free enzyme gave an initial phosphorylation rate of about 0.3 mu mol-mg-1-min-1 at 25 degrees and pH7.4. Addition of Mg2+ to the enzyme beforehand, separately or in combination with Na+ or ATP, had little effect on the initial rate. Addition of Na+ only to the enzyme beforehand increased this rate 1.5- to 3-fold. Early addition of ATP 130 ms before Na+ plus Mg2+ increased the rate 6- to 7-fold. Early addition of Na+ plus ATP was most effective; it increased the rate about 10-fold. The data indicate that Na+ and ATP bind in a random order and that each ligand potentiates the effect of the other. The rate of dissociation of ATP from the enzyme was estimated by a chase of unlabeled ATP of variable duration. This rate was slowest in the presence of Mg2+ (k = 540 min-1), most rapid in the presence of Na+ (k = 2000 min-1), and intermediate (k = 1100 min-1) in the absence of metal ions. The effect of Na+ concentration on the rate of phosphorylation was estimated when Na+ with Mg2+ was added to the enzyme-ATP complex. The rate followed Michaelis-Menten kinetics with a maximum of 2.9 mu mol-mg-1 and a Km of 8 mM. The effect of Na+ concentration was also estimated on the increment in the rate of phosphorylation produced by the presence of Na+ with the enzyme-ATP complex beforehand. The increment followed the same kinetics with a maximum of 3.75 mu mol-mg-1-min-1 and a Km of 5.4 mM. In both cases estimation of the Hill coefficient failed to show cooperativity between binding sites for Na+. In contrast, the dependence of ouabain-sensitive ATPase activity on Na+ concentration in the absence of K+ indicated two sites for Na+ with apparent Km values of 0.16 and 8.1 mM, respectively.